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Muscles and Tendons of a Nucleosome
Remodeling MachineChromatin structure can be remodeled by ATPase
motors that belong to the helicase superfamily 2.1
These enzymes can remove, assemble, or shift
nucleosomes along DNA in an ATP-dependent
manner. This alters DNA accessibility, which is a
prerequisite for many fundamental DNA-based
processes. Little is known about regulatory mecha-
nisms that control the activities of these machines on
chromatin.
CHD4 was ﬁrst discovered as a dermatomyositis-
speciﬁc autoantigen and later puriﬁed as a part of
the multisubunit NuRD complex (nucleosome
remodeling and deacetylase).2,3 NuRD combines
two enzymatic activities: histone deacetylase and
nucleosome remodeling activity. Several studies
have ﬁrmly established its role in transcriptional
regulation.4 Recent work has also demonstrated its
function in DNA damage repair and chromatin
assembly in pericentric heterochromatin.5–7
CHD4 contains within its N-terminal region
several closely connected domains that are separat-
ed by only a few amino acids: two PHD ﬁngers, a
double chromodomain, and an ATPase/helicase
domain. How these domains contribute to nucleo-
some remodeling is still unknown.
Early work has indicated that the CHD4 PHD
ﬁngers are required for binding the HDAC1 NuRD
subunit in vitro.8 In addition, both PHD ﬁngers also
bind histone peptides with strong preference for
histone H3 tails.9 This interaction appears to be
modulated by histone methylation: for example,
methylation of H3K9 enhances binding, whereas
methylation of H3K4 decreases association with
histone peptides.10,11 The two PHD ﬁngers appear
to be structurally independent modules that are
capable of binding two separate H3 tails.12
Little is known about the function of the double
chromodomain. The double chromodomain of
CHD1 speciﬁcally binds H3 tails when these are
methylated at K4.13 However, key aromatic residues
that are required for binding the methylated lysine
are not conserved in the CHD4 sequence, suggesting
that the chromodomains of CHD4 may perform a0022-2836 © 2012 Elsevier Ltd. Open access under CC BY-NC-ND licendifferent function.14 Indeed, studies on theDrosophila
CHD4 homolog have shown that the chromodo-
mains do not require histone tails for nucleosome
binding.15 Instead, the chromodomains interact with
nucleosomal DNA.
The structural motifs occurring in CHD remode-
lers have so far mostly been studied in isolation.
Clearly, it will be important to understand how
these modules cooperate within the intact protein.
First progress towards this goal was achieved by the
Bowman laboratory. Recently, they solved the
structure of a yeast CHD1 fragment containing
both the double chromodomain and the ATPase/
helicase domain.16 This study revealed a strong
interaction of both domains involving an acidic helix
of the chromodomains (the chromodomain wedge)
and a positively charged surface on the ATPase/
helicase domain. This interaction keeps the ATPase
motor in an inactive conformation, which is released
upon binding of the chromodomains to nucleo-
somes. Given the sequence differences between the
double chromodomains of CHD1 and CHD4 and
given that CHD4 contains two additional PHD
ﬁngers in close proximity to the chromodomains, it
is unclear to what extent the domain arrangement of
CHD4 resembles that of CHD1. Several questions
are raised. First, do the PHD ﬁngers also interact
with the chromodomains and the ATPase/helicase
domain? Second, does the presence of the PHD
ﬁngers alter the interaction between chromodo-
mains and ATPase/helicase domain? Third, how
do the PHD ﬁngers contribute to nucleosome
remodeling?
In this issue, a study from the Laue laboratory
(Watson et al.) investigates the interactions between
PHD ﬁngers, chromodomains, and ATPase/helicase
domain of CHD4.
They have probed the structure of recombinant
CHD4 proteins containing different combinations of
the three main structural modules. Small‐angle
X‐ray scattering, cross-linking, and limited proteoly-
sis were used to derive the overall shape of these
molecules as well as to identify domain interactions.se.
2 Nucleosome Remodeling Machine StructureThey found that the chromodomains fold back onto
the ATPase/helicase domain in a manner that is
reminiscent of the CHD1 structure. Indeed, CHD4
contains a chromodomain wedge that carries several
acidic residues similar to the corresponding chro-
modomain wedge of CHD1.14,16
Interestingly, they also observed interactions
between the chromodomains and the PHD ﬁngers
and found that both modules form a stable structure
that is relatively resistant to limited proteolysis.
These results suggest that the PHD ﬁngers might
play a role in the remodeling process. Indeed, the
study shows that the PHD ﬁngers inﬂuence both
nucleosome binding and remodeling. Some of the
effects of the PHD ﬁngers may seem counterintui-
tive: they reduce the binding to nucleosomes in vitro
while, at the same time, increasing both ATPase
activity and nucleosome sliding. Perhaps, a decrease
in stable nucleosome binding is a consequence of
nucleosome remodeling. In agreement with results
obtained with isolated PHD ﬁngers, the Laue
laboratory demonstrates that H3K4 methylation
can partially negate the positive inﬂuence of the
PHD ﬁngers on ATPase activity.
The picture that emerges is one of a remodeler
where three domains cooperate to integrate histone
modiﬁcations with nucleosome remodeling: the
ATPase/helicase domain is the engine. It is con-
trolled by the chromodomains, which keep the
ATPase activity in check via direct contacts. Finally,
the PHD ﬁngers read out histone marks and
transmit the information to the chromodomains,
which potentially can inﬂuence the binding of the
chromodomains to the ATPase/helicase domain
and thereby impinge on nucleosome remodeling
activity.
Clearly, much needs to be done to achieve a
complete mechanistic understanding of how these
machines work but, at least, we are beginning get an
idea of how its cogs and wheels work together.References
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